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[57] ABSTRACT 

A differential clock receiver for a SynchLink-type Synchro- 
nous Dynamic Random Access Memory (SLDRAM) 
includes a differential amplifier with a novel method for 
biasing its NMOS and PMOS current sources. A differential 
clock received and amplified by the differential amplifier 
switches a set of multiplexers, which respond by outputting 
a differential output clock. The multiplexers can be "dis- 
abled" by an inactive enable signal so they output a constant 
"0" level for the differential output clock. This disabling 
feature of the differential clock receiver Ls particularly useful 
with the intermittent data clocks found in SLDRAMs. Also, 
the novel biasing method for the current sources of the 
differential amplifier gives the clock receiver very low skew. 

8 Claims, 3 Drawing Sheets 
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LOW SKEW DIFFERENTIAL RECEIVER 
WITH DISABLE FEATURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of pending U.S. patent 
application Scr. No. 09/1 40,857, filed Aug. 27, 1998, which 
is a continuation-in-part of a related issued patent applica- 
tion entitled "Low-Skew Differential Signal Converter" 
filed Feb. 11, 1997, having Ser, No. 08/798,228, which 
issued Dec. 22, 1998 as U.S. Pat. No, 5,852,378, and is also 
a continuation-in-part of a related pending patent application 
entitled "Fully Differential Amplifier," filed Dec. 18, 1997, 
and having Ser. No. 08/993,837. Both of these related 
applications are hereby incorporated into this patent appli- 
cation by reference. 

BACKGROUND OF THE INVENTION 

1. Technical Field 

This invention relates in general to semiconductor devices 
and, more specifically, to receivers and other input buffers 
having differential inputs and outputs, low skew, and a 
disable feature. Such receivers are particularly useful in 
synchronous semiconductor memories. 

2. Related Art 

Most Dynamic Random Access Memories (DRAMs) 
have an asynchronous timing relationship with other elec- 
tronic devices they interact with. In recent years, however, 
synchronous DRAMs have become popular because they 
provide faster memory access than asynchronous DRAMs. 

One type of synchronous DRAM, known as a "Syn- 
chLink" DRAM (SLDRAM), is shown in FIG. 1. The 
non-prior art SLDRAM 10 receives command packets con- 
taining command and address signals from a memory con- 
troller 12 via a 10-bit-wide command link, and these com- 
mand packets are latched into the SLDRAM 10 in response 
to a differential command clock (CCLK, CCLK*). 
Similarly, the SLDRAM 10 and memory controller 12 share 
write and read data via a bidirectional, 16-bit-wide datalink, 
and this data is latched into or out of the SLDRAM 10 in 
response to one of two differential data clocks (DCLK0, 
DCLKO*) and (DCLK1, DCLK1*). The particular data 
clock (DCLKO, DCLKO*) or (DCLK1, DCLK1*) in use at 
any given time is determined by command signals from the 
memory controller 12. 

Within the SLDRAM 10, a delay locked-loop (DLL) 14 
generates a delayed command clock CCLKD in response to 
the command clock (CCLK, CCLK*) and control signals 16 
received from control logic 18. The delayed command clock 
CCLKD, in turn, causes a command latch 20 to latch in a 
command packet from the command link. The command 
packet is then made available to the control logic 18, which 
responds by directing read/write (R/W) circuitry 22 to 
access a memory array 24 of the SLDRAM 10. 

Also, a delay circuit 26 generates a delayed write data 
clock DCLKW and a delayed read data clock DCLKR in 
response to control signals 28 from the control logic 18 and 
the data clock (DCLKO, DCLKO*) or (DCLK1, DCLK1*) 
selected by the memory controller 12. In a write operation, 
the delayed write data clock DCLKW causes a data latch 30 
to latch in write data from the datalink, which is then made 
available to the R/W circuitry 22 for storage in the memory 
array 24. In a read operation, the delayed read data clock 
DCLKR causes the data latch 30 to latch in read data from 
the R/W circuitry 22 and memory array 24, which is then 
transferred over the datalink to the memory controller 12. 
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Each of the differential clocks (CCLK, CCLK*), 
(DCLKO, DCLKO*) and (DCLK1, DCLK1*) is typically 
buffered by a differential receiver within the SLDRAM 10. 
For example, as shown in FIG. 2, the delay circuit 26 
S generally includes a differential receiver 34 that buffers the 
differential data clock (DCLKO, DCLKO*) and outputs a 
corresponding differential data clock (DCLK0OUT, 
DCLK0OUT*) suitable for internal use by the SLDRAM 10 
(FIG. 1). 

io Proper operation of the SLDRAM 10 (FIG. 1) generally 
requires that the differential receiver 34 exhibit low timing 
skew. Also, because the data clock (DCLKO, DCLKO*) is 
only operative intermittently (recall that the memory con- 
troller 12 (FIG. 1) periodically selects one or the other of the 

15 data clocks (DCLKO, DCLKO*) and (DCLK1, DCLK1 *) for 
current use), it is desirable for the differential receiver 34 to 
have a disable feature which causes it to output a "0" state 
on its outputs DCLKO UT and DCLKOUT* when the other 
data clock (DCLK1, DCLK1*) (FIG. 1) is the operative data 

20 clock. Of course, the differential receiver 34 does not require 
a disable feature if it is used to buffer the command clock 
(CCLK, CCLK*) (FIG. 1) rather than the data clock 
(DCLKO, DCLKO*). 

Various input buffers, receivers, and low skew circuit 

25 architectures are known in the art, including, for example, 
those described in U.S. Pat. Nos. 4,958,088, 5,164,619, 
5,278,460, 5,311,081, 5,361,002, 5,432,823, 5,465,060, 
5,539,333, 5,570,042, 5,578,941, 5,625,805, and 5,666,067. 
But none of these satisfy the requirements of a receiver for 

30 the SLDRAM described above. 

Therefore, there is a need in the art for a receiver having 
differential inputs and outputs that exhibits low timing skew 
and, preferably, has a disable feature for use with intermit- 
tent data clocks. Such a receiver would be particularly useful 

35 with the SLDRAM described above and with other 
SDRAMs. 

SUMMARY OF THE INVENTION 
In one embodiment of this invention, an input buffer, such 

40 as a clock receiver, includes a differential amplifier. First and 
second inverter circuits in the differential amplifier have 
control nodes for receiving respective true and complemen- 
tary input signals, such as a differential input clock signal, 
and have output nodes for outputting respective true and 

45 complementary amplified signals. Third and fourth inverter 
circuits of the differential amplifier have control nodes for 
receiving the respective true and complementary input 
signals, and have mutually coupled output nodes. A first 
current source has a supply node for receiving a supply 

50 voltage, a control node coupled to the output nodes of the 
third and fourth inverter circuits, and an output node coupled 
to supply nodes of the first, second, third, and fourth inverter 
circuits. Also, a second current source has a reference node 
for receiving a reference voltage, a control node coupled to 

55 the output nodes of the third and fourth inverter circuits, and 
an input node coupled to reference nodes of the first, second, 
third, and fourth inverter circuits. The input buffer also 
includes switching circuitry coupled to the differential 
amplifier for outputting true and complementary output 

60 signals in response to the true and complementary amplified 
signals. 

The unique structure of the inventive input buffer gives it 
very low skew. Also, a disable feature may be provided in 
the switching circuitry to disable the output signals, which 
65 is convenient for use when buffering intermittent data clocks 
found in SynchLink-lype Synchronous Dynamic Random 
Access Memories (SLDRAMs). 
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Other embodiments of this invention incorporate the input data clock DCLKO activates PMOS transistors 60 and 62 

buffer described above into a DRAM, a Synchronous and deactivates NMOS transistors 64 and 66. At the same 

DRAM (SDRAM), an SLDRAM, a delay circuit, an elec- time, an inactive (i.e. high) data clock DCLKO* activates 

tronic system, and a semiconductor substrate, such as a NMOS transistors 68 and 70 while deactivating PMOS 

semiconductor wafer. 5 transistors 72 and 74, Concurrently, a self-correcting bias 

" . t . ,.«. point 76 settles to a mid-point voltage level at which the 

n sull another embodiment of this invention, a differen- h ft rtiall F activated | M0S current-source 

tial input signal is buffered using a differential amphfier and transistor 78 matches the current mrough a p arti all y acti- 

switching circuitry, such as mulUplexers. The differential yated NM0S transistor 8(K 

amplifier includes first, second, third and fourth inverter B ^ hrase ^1^^^ it & mea nt that any 

circuits, a first current source having a control node coupled 10 in volUge oq ^ ^ ^ n {Qnd& {q ^ ^ 

to output nodes of the third and fourth inverter circuits and NMOS transistor 80 on more and the PMOS transistor 78 off 

an output node coupled to supply nodes of the first, second, more? which ^ in tur[1) tends t0 decrease t h e voltage on the 

third, and fourth inverter circuits, and a second current b j as pomt 75 by pu ui ag j t toward ground through the 

source having a control node coupled to the output nodes of transistors 70 and 80. Similarly, any decrease in voltage on 

the third and fourth inverter circuits and an input node « ^ biaj _ poim ?6 {Q mrn ^ pM0S transistor 78 on 

coupled to reference nodes of the first, second, third, and more and tne NMOS transistor 80 off more, which, in turn, 

fourth inverter circuits. To bias the differential amplifier, a . tends t0 i ncrease the voltage on the bias point 76 by pulling 

supply voltage is applied to a supply node of the first current it toward the supply voltage V cc through the transistors 60, 

source, and a reference voltage is applied to a reference node 7 g^ and 58 With tne NMOS transistor 68 on, the comple- 

of the second current source. Then, the differential input 20 mentary output node OUT* is pulled low, and with the 

signal is applied to control nodes of the inverter circuits to PMOS transistor 62 on, the true output node OUT is pulled 

generate a differential amplified signal at output nodes of the n igh. 

first and second inverter circuits. A differential output signal ^ Jow QUtput from the com pi ementar y output node 

is then selectively output from the switching circuitry m OUT* causes an inverter 82 to output a high, and the high 

response to the differential amplified signal. 25 ^ ^ ^ ^ Qm an inverter g4 tQ 

DDICC nccrDiDTinM nc -ran ctpitdcc out P ut a low - However, in the disabled mode the inactive 

BRIEF DESCRIPTION OF THE FIGURES ^ ^ ENABLE* continues to cause the muxes 38, 

FIG. 1 is a block diagram of a "SynchLink" Dynamic 40, 46, and 48 and the inverters 42 and 50 to output an 

Random Access Memory (SLDRAM) and memory control- 3Q inactive differential data clock (DCLK0OUT, 

ler in accordance with related (not prior) art; DCLKOOUT*) no matter what the output nodes OUT and 

FIG. 2 is a more detailed view of a differential receiver in OUT* output, 

the SLDRAM of FIG 1* In an enabled mode, an active (i.e. low) enable signal 

FIG. 3 is a circuit diagram of a differential receiver in ENABLE* causes the inverter 36 to output . high thereby 
accordance with this invention for use as shown in FIG. 2; 35 providing a n Ig h voltage to the mux 38. Abo, the high output 
, , from the inverter 36 causes the inverter 44 to output a low, 

FIG. 4 js a block diagrarn of an electronic system jnwr- { idi a bw vq1 to ^ fflUX ^ 

porating the SLDRAM of FIG. 1, which includes the d,f- ^ differentia , data ck)ck (D(XK0 then 

ferential receiver of FIG. 3; and begins ^ ^ ft . g ^ ^ memQry n 

FIG. 5 is a diagram of a semiconductor wafer on which (FI(J ^ {o{ curfent ^ the differential data clock 

the SLDRAM of FIG. 1, including the differential receiver (dclko, DCLKO*) is in a "1" state, a high data clock 

of FIG. 3, is fabricated. DCLKO turns off PMOS transistors 60 and 62 and turns on 

v DETAILED DESCRIPTION OF THE NMOS transistors 64 and 66, thereby pulling the : tnie output 

% \ || y TTO ™ A r™^ rxmnnuirvrrc node OUT low, while a low data clock DCLKO* turns on 

l ILLUSTRATED EMBODIMENTS t-,w^o . ,- A . „ NrA/nc , f 

^—^J^^ . 45 PMOS transistors 72 and 74 and turns off NMOS transistors 

tt*^ \ As shown in FIG. 3, in a start-up mode of the differential 68 and 70, thereby pulling the complementary output node 

» receiver 34, an inactive (i.e. high) enable signal ENABLE* OUT* high. 

W^P^ causes an inverter 36 to output a low which, in turn, causes The [ 0 w output from the true output node OUT causes the 

v\— ^ a pair of multiplexers or "muxes" 38 and 40 to output a low, inverter 84 to output a high, while the high output from the 

tP^ \ c thereby causing an inverter 42 to output an inactive (i.e. 50 complementary output node OUT* causes the inverter 82 to 

high) data clock DCLK0OUT*. Also, the low output of the output a low. These outputs then turn on the muxes 38 and 

inverter 36 causes an inverter 44 to output a high which, in 4$ an d t urn 0 ff the muxes 40 and 46. As a result, the mux 38 

\^ turn, causes a pair of muxes 46 and 48 to output a high, passes a high to the inverter 42, which then outputs a low 

\&&* thereby causing an inverter 50 to output an inactive (i.e. low) data clock DCLKOOUT*, and the mux 48 passes a low to the 

data clock DCLK0OUT. At the same time, an inactive (i.e. 5S inverter 50, which then outputs a high data clock 

high) bias signal BIAS* turns on a pair of NMOS transistors DCLKOOUT It can be seen, of course, that a differential 

52 and 54, thereby grounding true and complementary data clock (DCLKO, DCLKO*) in a "0" state would have the 

output nodes OUT and OUT* of a differential amplifier 56. opposite effect and would cause the data clock DCLKOOUT 

In a disabled mode, an active (i.e. low) bias signal BIAS* to be low and the data clock DCLKOOUT* to be high. When 

turns off the NMOS transistors 52 and 54 and turns on a 60 it is time to switch from using the data clock (DCLKO, 

PMOS current-source transistor 58, thereby supplying cur- DCLKO*) (FIG. 1) to using the data clock (DCLK1, 

rent to the differential amplifier 56. With a supply of current, DCLK1*) (FIG. 1), then an inactive enable signal 

the output nodes OUT and OUT* begin to follow the ENABLE* causes the receiver 34 to reenter the disabled 

differential data clock (DCLKO, DCLKO*). mode and a similar receiver (not shown) can be enabled for 

For example, during a preamble period of the disabled 65 use with the data clock (DCLK1, DCLK1*). 

mode in which the differential data clock (DCLKO, This invention thus provides a receiver having differential 

DCLKO*) is in an inactive or "0" state, an inactive (i.e. low) inputs and outputs and a disable feature useful with inter- 
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mittent data clocks found in the SynchLink DRAM 
(SLDRAM). Also, the inventive receiver has very low skew 
because of its balanced differential amplifier design. Cor- 
rective capacitors 86 and 88 attached to the complementary 
and true output nodes OUT* and OUT of the differential 5 
amplifier 56 aid in balancing the NMOS and PMOS capaci- 
tances at the output nodes OUT and OUT*, thereby helping 
to minimize skew. 

Those of skill in the technical field of this invention will 
understand that it is applicable to a wide variety of semi- 30 
conductor devices, and is not restricted only to Synchronous 
DRAMs (SDRAMs), such as SLDRAMs. The principles of 
the invention may be applied, for example, in providing a 
wide variety of differential input buffers. Similarly, it should 
be understood that the invention does not typically need the 15 
disable feature when it is used with a command clock 
(CCLK, CCLK*) (see FIG. 1), but that the disable feature is 
of great use when the invention is used with an intermittent 
data clock. 

Also, it should be understood that the transistor pairs 68 20 
and 72, 70 and 74, 60 and 64, and 62 and 66 may be referred 
to as "inverter circuits," that the transistors 78 and 80 may 
be referred to as "current sources," and that the muxes 38, 
40, 46, and 48 may be referred to as "switching circuitry." 

As shown in FIG. 4, an electronic system 90 includes an 25 
input device 92, an output device 94, a processor device 96, 
and a memory device 98 which includes the memory con- 
troller 12 and SIX) RAM 10 of FIG. 1, incorporating the 
receiver 34 of FIG. 3. Of course, it will be understood that ^ 
the memory controller 12 and SLDRAM 10 may be incor- 
porated into any one of the input, output, and processor 
devices 92, 94, and 96 instead. 

As shown in FIG. 5, the SLDRAM 10 of FIG. 1, incor- 
porating the receiver 34 of FIG. 3, is fabricated on the 35 
surface of a semiconductor wafer 100. It should be 
understood, though, that other substrates will work for 
purposes of this invention including, for example, Silicon- 
on-Sapphire (SOS) substrates, Silicon-on-Insulator (SOI) 
substrates, and Silicon -on-Glass (SOG) substrates. 4Q 

Although the present invention has been described with 
reference to a particular embodiment, the invention is not 
limited to this embodiment. Rather, the invention is limited 
only by the appended claims, which include within their 
scope all equivalent devices and methods that operate 45 
according to the principles of the invention as described. 

We claim: 

1. A clock receiver for a semiconductor memory, the clock 
receiver comprising: 

a differential amplifier including: 50 
first and second inverter circuits having control nodes 
for receiving respective true and complementary 
input clock signals and having output nodes for 
outputting respective true and complementary ampli- 
fied signals; 55 
third and fourth inverter circuits having control nodes for 
receiving the respective true and complementary input 
clock signals and having mutually coupled output 
nodes; 

a first current source having a supply node for receiving 60 
a supply voltage, a control node coupled to the 
output nodes of the third and fourth inverter circuits, 
and an output node coupled to supply nodes of the 
first, second, third, and fourth inverter circuits; and 

a second current source having a reference node for 65 
receiving a reference voltage, a control node coupled 
to the output nodes of the third and fourth inverter 
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circuits, and an input node coupled to reference 
nodes of the first, second, third, and fourth inverter 
circuits; and 

switching circuitry coupled to the differential amplifier for 
outputting true and complementary output clock sig- 
nals in response to the true and complementary ampli- 
fied signals. 

2. A clock receiver in a Synchronous Dynamic Random 
Access Memory (SDRAM) for receiving a differential input 
clock and outputting a differential output clock, the clock 
receiver comprising: 

a differential amplifier including: 

first and second inverter circuits having control nodes 
for receiving respective true and complementary 
portions of the differential input clock and having 
output nodes for outputting respective true and 
complementary amplified signals; 

third and fourth inverter circuits having control nodes 
for receiving the respective true and complementary 
portions of the differential input clock and having 
mutually coupled output nodes; 

a first current source having a supply node for receiving 
a supply voltage, a control node coupled to the 
output nodes of the third and fourth inverter circuits, 
and an output node coupled to supply nodes of the 
first, second, third, and fourth inverter circuits; and 

a second current source having a reference node for 
receiving a reference voltage, a control node coupled 
to the output nodes of the third and fourth inverter 
circuits, and an input node coupled to reference 
nodes of the first, second, third, and fourth inverter 
circuits; and 

switching circuitry coupled to the differential amplifier for 
outputting true and complementary portions of the 
differential output clock in response to the true and 
complementary amplified signals. 

3. A clock receiver in a SynchLink-type Synchronous 
Dynamic Random Access Memory (SLDRAM) for receiv- 
ing a differential input data clock and outputting a differen- 
tial output data clock, the clock receiver comprising: 

a differential amplifier including: 

first, second, third, and fourth drain-coupled pairs of 
PMOS and NMOS transistors, the sources of the 
PMOS transistors being coupled to one another, the 
sources of the NMOS transistors being coupled to 
one another, the gates of the transistors in the first 
and third pairs being adapted to receive a comple- 
mentary portion of the differential input data clock, 
the gates of the transistors in the second and fourth 
pairs being adapted to receive a true portion of the 
differential input data clock; 
a current source PMOS transistor with its source 
adapted to receive a supply voltage, its gate coupled 
to the drains of the transistors in the third and fourth 
pairs, and its drain coupled to the sources of the 
PMOS transistors in the pairs; and 
a current source NMOS transistor with its source 
coupled to ground, its gate coupled to the drains of 
the transistors in the third and fourth pairs, and its 
drain coupled to the sources of the NMOS transistors 
in the pairs; and 
multiplexer circuitry coupled to the drains of the transis- 
tors in the first and second transistor pairs of the 
differential amplifier for receiving amplified voltages 
thereon and outputting the differential output data clock 
in response thereto, the multiplexer circuitry having a 
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disable feature for disabling its output of the differential 
output data clock. 

4. A delay circuit in a semiconductor memory for receiv- 
ing a differential input clock signal, the delay circuit includ- 
ing: 

a receiver comprising: 

a differential amplifier including: 
first and second inverter circuits having control 
nodes for receiving respective true and comple- 
mentary portions of the differential input clock 
signal and having output nodes for outputting 
respective true and complementary amplified sig- 
nals; 

third and fourth inverter circuits having control 
nodes for receiving the respective true and 
complementary portions of the differential input 
clock signal and having mutually coupled output 
nodes; 

a first current source having a supply node for 
receiving a supply voltage, a control node coupled 
to the output nodes of the third and fourth inverter 
circuits, and an output node coupled to supply 
nodes of the first, second, third, and fourth inverter 
circuits; and 

a second current source having a reference node for 
receiving a reference voltage, a control node 
coupled to the output nodes of the third and fourth 
inverter circuits, and an input node coupled to 
reference nodes of the first, second, third, and 
fourth inverter circuits; and 
switching circuitry coupled to the differential amplifier 

for outputting a differential output clock signal in 

response to the true and complementary amplified 

signals. 

5. A Synchronous Dynamic Random Access Memory 
(SDRAM) comprising: 

a memory array; 

read/write circuitry coupled to the memory array; 

control logic coupled to the read/write circuitry; 

a data latch coupled to the read/write circuitry; 

a command latch coupled to the control logic; 

a delay locked loop coupled to the command latch and the 

control logic; and 
a delay circuit coupled to the delay locked loop, the 
control logic, and the data latch for receiving a differ- 
ential input clock signal, the delay circuit including: 
a receiver comprising: 

a differential amplifier including: 

first and second inverter circuits having control 
nodes for receiving respective true and 
complementary portions of the differential 
input clock signal and having output nodes for 
outputting respective true and complementary 
amplified signals; 
third and fourth inverter circuits having control 
nodes for receiving the respective true and 
complementary portions of the differential 
input clock signal and having mutually 
coupled output nodes; 
a first current source having a supply node for 
receiving a supply voltage, a control node 
coupled to the output nodes of the third and 
fourth inverter circuits, and an output node 
coupled to supply nodes of the first, second, 
third, and fourth inverter circuits; and 
a second current source having a reference node 
for receiving a reference voltage, a control 



node coupled to the output nodes of the third 
and fourth inverter circuits, and an input node 
coupled to reference nodes of the first, second, 
third, and fourth inverter circuits; and 
S switching circuitry coupled to the differential ampli- 

fier for outputting a differential output clock signal 
in response to the true and complementary ampli- 
fied signals. 

6. A semiconductor memory device including a memory 
10 controller coupled to a Synchronous Dynamic Random 

Access Memory (SDRAM), the SDRAM comprising: 
a memory array; 

read/write circuitry coupled to the memory array; 
control logic coupled to the read/write circuitry; 
a data latch coupled to the read/write circuitry; 
a command latch coupled to the control logic; 
a delay locked loop coupled to the command latch and the 

control logic; and 
a delay circuit coupled to the delay locked loop, the 
control logic, and the data latch for receiving a differ- 
ential input clock signal, the delay circuit including: 
a receiver comprising: 

a differential amplifier including: 

first and second inverter circuits having control 
nodes for receiving respective true and 
complementary portions of the differential 
input clock signal and having output nodes for 
outputting respective true and complementary 
amplified signals; 
third and fourth inverter circuits having control 
nodes for receiving the respective true and 
complementary portions of the differential 
input clock signal and having mutually 
coupled output nodes; 
a first current source having a supply node for 
receiving a supply voltage, a control node 
coupled to the output nodes of the third and 
fourth inverter circuits, and an output node 
coupled to supply nodes of the first, second, 
third, and fourth inverter circuits; and 
a second current source having a reference node 
for receiving a reference voltage, a control 
node coupled to the output nodes of the third 
and fourth inverter circuits, and an input node 
coupled to reference nodes of the first, second, 
third, and fourth inverter circuits; and 
switching circuitry coupled to the differential ampli- 
fier for outputting a differential output clock signal 
in response to the true and complementary ampli- 
fied signals. 

7. An electronic system comprising an input device, an 
output device, a memory device, and a processor device 
coupled to the input, output, and memory devices, at least 
one of the input, output, processor, and memory devices 
including a semiconductor device having an input buffer 
comprising: 

a differential amplifier including: 
first and second inverter circuits having control nodes 
for receiving respective true and complementary 
input signals and having output nodes for outputting 
respective true and complementary amplified sig- 
nals; 

third and fourth inverter circuits having control nodes 
for receiving the respective true and complementary 
input signals and having mutually coupled output 
nodes; 
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first current source having a supply node for receiving 
a supply voltage, a control node coupled to the 
output nodes of the third and fourth inverter circuits, 
and an output node coupled to supply nodes of the 
first, second, third, and fourth inverter circuits; and 5 
second current source having a reference node for 
receiving a reference voltage, a control node coupled 
to the output nodes of the third and fourth inverter 
circuits, and an input node coupled to reference 
nodes of the first, second, third, and fourth inverter 
circuits; and 



10 



switching circuitry coupled to the differential amplifier for 
outputting true and complementary output signals in 
response to the true and complementary amplified 
signals. 

8. The electronic system of claim 7 wherein the semicon- 
ductor device comprises a SynchLink-type Synchronous 
Dynamic Random Access Memory (SLDRAM). 
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